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1

FRACTURING FLUID
VISCOSITY-CONTROLLING AGENT TO BE
USED IN HYDRAULIC FRACTURING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s the U.S. National Phase under 35
US.C. § 371 of International Application PCT/JP2014/
065198, filed Jun. 9, 2014, which claims prionty to JP
2013-21803, filed Jun. 10, 2013.

TECHNICAL FIELD

The present invention relates to a viscosity controlling
agent for a fracturing fluid to be used in hydraulic fracturing.

BACKGROUND ART

Hydraulic fracturing has been heretofore conducted in
mimng of crude oil, natural gas and the like, and in recent
years, ufilization of hydraulic fracturing has spread with
advancement of techniques for mining shale gas and shale
o1l.

In hydraulic fracturing, a high pressure i1s applied to the
iside of a well to form a fracture (crack) 1in a mining layer,
a support material such as sand i1s introduced into the
fracture to prevent the fracture from being closed, and a
passage having high permeability to gas or o1l 1s provided in
the mining layer to mine gas or oil. In application of a high
pressure to the mside of a well, generally a high-viscosity
fracturing tluid with a support matenial (e.g. sand), a gelling
agent and so on contained in water 1s 1njected under pres-
sure.

Such a fracturing fluid 1s required to have a viscosity
which ensures that a suflicient fracture can be formed 1n a
mimng layer and a support material such as sand can be
carried to the fracture. Further, the fracturing fluid 1s recov-
ered from the inside of the well after formation of the
fracture, and 1s therefore required to have a reduced viscos-
ity during recovery. Therefore, the fracturing fluid 1s desired
to be designed 1n such a manner that 1t has a sufliciently high
viscosity during fracture formation operation, and has a
reduced viscosity during fracturing tluid recovery operation,
and 1s thus easily recovered.

For example, Patent Document 1 discloses an aqueous
composition to be used as a fracturing fluid, the aqueous
composition containing (1) a hydrating polymer, (2) a per-
oxo compound substantially capable of generating iree
radicals 1n an amount suflicient to reduce the viscosity of an
aqueous medium, and (3) a nitrite 10on source. In Patent
Document 1, a technique 1s proposed in which free radicals
generated by the peroxo compound that reduces the viscos-
ity of the aqueous composition are trapped by the nitrite 10n
source to suppress an early reduction in viscosity of the

fracturing tluid which 1s caused by the peroxo compound.

PRIOR ART DOCUMENT

Patent Document

Patent Document 1: Japanese Patent Laid-open Publica-
tion No. 62-33995

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

However, 1n a conventional fracturing fluid as disclosed
in, for example, Patent Document 1, a reduction 1n viscosity
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of the fracturing fluid can be suppressed, but 1t 1s diflicult to
control a change 1n viscosity of a fracturing fluid 1n various
timings.

A main object of the present invention 1s to provide a
viscosity controlling agent for a fracturing fluid, which 1s
capable of causing a fracturing fluid to retain a high viscosity
during fracture formation operation 1n hydraulic fracturing
and to have a reduced viscosity during fracturing tluid
recovery operation; a fracturing tfluid containing the viscos-
ity controlling agent; and a method for mining crude o1l or
natural gas using the fracturing fluid.

Means for Solving the Problems

The present inventors have extensively conducted studies
for solving problems as described above. As a result, the
present mventors have found that a viscosity controlling
agent which 1s used for controlling a change 1n viscosity of
a fracturing fluid to be used in hydraulic fracturing, the
viscosity controlling agent containing a polyalkylene oxide
and a viscosity reducing agent and being in the form of a
tablet, 1s capable of causing the fracturing fluid to retain a
high wviscosity during fracture formation operation in
hydraulic fracturing and to have a reduced viscosity during
fracturing tluid recovery operation. The present mvention
has been completed by further conducting studies based on
these findings.

The present invention provides an mvention having the
aspects described below.

Item 1. A wviscosity controlling agent which 1s used for
controlling a change 1n viscosity of a fracturing fluid to be
used 1n hydraulic fracturing,
the viscosity controlling agent contaiming a polyalkylene

oxide and a viscosity reducing agent and being 1n the form

of a tablet.

Item 2. The viscosity controlling agent according to item 1,
wherein the ratio of the polyalkylene oxide 1n the viscos-
ity controlling agent 1s 30 to 99.99% by mass.

Item 3. The viscosity controlling agent according to item 1
or 2, wherein the mass of the tablet 1s 0.2 g or more.
Item 4. The viscosity controlling agent according to any one

of items 1 to 3, wherein the polyalkylene oxide has a

viscosity of 20 to 1,500 mPa-s 1n the form of a 0.5 mass

% aqueous solution at 25° C., or a viscosity of 50 to
80,000 mPa-s 1n the form of a 5 mass % aqueous solution
at 25° C.

Item 5. The viscosity controlling agent according to any one
of 1items 1 to 4, wherein the viscosity reducing agent 1s at
least one selected from the group consisting of a radical
generator, an acid and an enzyme.

Item 6. The viscosity controlling agent according to any one
of items 1 to 35, wherein the carbon number of a monomer
unit that forms the polyalkylene oxide 1s 2 to 4.

Item 7. The viscosity controlling agent according to any one
of items 1 to 6, wherein the polyalkylene oxide contains
at least one monomer unit selected from the group con-
sisting ol an ethylene oxide unit, a propylene oxide umt
and a butylene oxide unait.

Item 8. The viscosity controlling agent according to any one
of 1items 1 to 7, wherein the polyalkylene oxide 1s at least
one selected from the group consisting of a polyethylene
oxide, a polypropylene oxide, a polybutylene oxide, an
cthylene oxide-propylene oxide copolymer, an ethylene
oxide-butylene oxide copolymer and a propylene oxide-
butylene oxide copolymer.
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Item 9. Use of a tablet containing a polyalkylene oxide and
a viscosity reducing agent for controlling a change in
viscosity of a fracturing fluid to be used in hydraulic
fracturing.

Item 10. A fracturing fluid which 1s used in hydraulic
fracturing, the fracturing fluid containing the viscosity
controlling agent according to any one of items 1 to 8,
water, a support material and a gelling agent.

Item 11. A method for controlling a change 1n viscosity of a
fracturing fluid to be used in hydraulic fracturing, the
method including using a tablet containing a polyalkylene
oxide and a viscosity reducing agent.

Item 12. A method for mining crude o1l or natural gas, the
method including the steps of:
forming a mining hole 1n a stratum;
introducing the fracturing fluid according to item 11 into

the mining hole to form a fracture 1n a part of the stratum;

and
mining crude o1l or natural gas from the mining hole.

Advantages of the Invention

According to the present invention, there can be provided
a viscosity controlling agent for a fracturing fluid, which 1s
capable of causing a fracturing fluid to retain a high viscosity
during fracture formation operation in hydraulic fracturing
and to have a reduced viscosity during fracturing fluid
recovery operation. Further, according to the present inven-
tion, there can be provided a fracturing flmd containing the
viscosity controlling agent; and a method for mining crude
o1l or natural gas using the fracturing fluid.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a graph showing a relationship between the
number of days of storing fracturing fluids containing vis-
cosity controlling agents obtained in Examples 1 to 4 and
Comparative Examples 1 and 2 at 40° C. and the viscosity
retention rate.

FIG. 2 1s a graph showing a relationship between the
number of days of storing fracturing fluids contaiming vis-
cosity controlling agents obtained in Examples 1 and 5 and
Comparative Examples 1 to 4 at 40° C. and the viscosity
retention rate.

FIG. 3 1s a graph showing a relationship between the
number of days of storing fracturing fluids containing vis-
cosity controlling agents obtained 1n Examples 6 to 8 and
Comparative Examples 5 to 9 at 40° C. and the viscosity
retention rate.

FIG. 4 1s a graph showing a relationship between the
number of days of storing fracturing fluids containing vis-
cosity controlling agents obtained in Examples 8 to 11 at 40°
C. and the viscosity retention rate.

FIG. 5 1s a graph showing a relationship between the
number of days of storing fracturing fluids contaiming vis-
cosity controlling agents obtained in Examples 12 to 15 and
Comparative Examples 10 to 12 at 40° C. and the viscosity
retention rate.

EMBODIMENTS OF THE INVENTION

A viscosity controlling agent according to the present
invention 1s a viscosity controlling agent which 1s used for
controlling a change 1n viscosity of a fracturing fluid to be
used 1t hydraulic fracturing, the viscosity controlling agent
containing a polyalkylene oxide and a viscosity reducing
agent and being 1n the form of a tablet. Hereinatter, the
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viscosity controlling agent for a fracturing fluid according to
the present invention, the fracturing fluid, and a method for
mining crude o1l or natural gas using the fracturing fluid wall
be described 1n detail.

<Viscosity Controlling Agent>

The viscosity controlling agent according to the present
invention 1s a viscosity controlling agent which 1s used for
controlling a change 1n viscosity of a fracturing flmd to be
used it hydraulic fracturing. The hydraulic fracturing refers
to a method 1 which 1n mining of, for example, crude o1l or
natural gas, a high pressure 1s applied to the iside of a well
to form a fracture (crack) in a mining lavyer, a support
material such as sand i1s introduced into the fracture to
prevent the fracture from being closed, and a passage having
high permeability to gas or o1l 1s provided in the mining
layer.

The fracturing fluid 1s a fluid that 1s used in hydraulic
fracturing and injected under pressure into a well as
described above. Generally, a fracturing fluid which 1s used
in hydraulic fracturing is mainly composed of water, and
contains a support material (proppant) such as sand or
gravel, a gelling agent and so on. As described later, the
fracturing fluid according to the present invention contains

the wviscosity controlling agent according to the present
ivention.

The viscosity controlling agent according to the present
invention contains a polyalkylene oxide and a viscosity
reducing agent, and 1s 1n the form of a tablet. The polyalky-
lene oxide 1s not particularly limited as long as 1t contains an
alkylene oxide as a monomer unit, but for effectively con-
trolling a change 1n viscosity of the fracturing fluid (1.e.
causing the fracturing fluid to retain a high viscosity during
fracture formation operation in hydraulic fracturing and to
have a reduced viscosity during fracturing fluid recovery
operation), the polyalkylene oxide 1s preferably one having
a viscosity of about 20 to 1,500 mPa-s, more preferably
about 20 to 1,000 mPa-s 1n the form of a 0.5 mass % aqueous
solution at 25° C. For the same reason, the polyalkylene
oxide 1s preferably one having a viscosity of 50 to 80,000
mPa-s, more preferably about 100 to 80,000 mPa-s 1n the
form of a 5 mass % aqueous solution at 25° C. In the present
invention, the method for measuring the viscosity of the
polyalkylene oxide in the form of a 0.5 mass % aqueous
solution 1s as follows. In a 1-L. beaker, 497.5 ¢? of 10n-
exchanged water 1s added, 2.5 g of a polyalkylene oxide 1s
added therein while stirring 1s performed under the condition
of a tip circumierential speed of 1.0 m/s using a flat plate
with a width of 80 mm and a length of 25 mm, and stirring
1s continued for 3 hours to prepare an aqueous solution. The
obtained aqueous solution 1s placed 1n a thermostatic bath at
25° C. for 30 minutes or more, and the viscosity 1s measured
using a B-type rotational viscometer (rotation number: 12
rpm, 3 minutes, 25° C.). The method for measuring the
viscosity 1n the form of a 5 mass % aqueous solution 1s as
follows. In a 1-L beaker, 475.0 g of 1on-exchanged water 1s
added, 25.0 g of a polyalkylene oxide 1s added therein while
stirring 1s performed under the condition of a tip circumier-
ential speed of 1.0 m/s using a flat plate with a width of 80
mm and a length of 25 mm, and stirring 1s continued for 3
hours to prepare an aqueous solution. The obtained aqueous
solution 1s placed 1n a thermostatic bath at 25° C. for 30
minutes or more, and the viscosity 1s measured using a
B-type rotational viscometer (rotation number: 12 rpm, 3
minutes, 25° C.).

For eflectively controlling a change in viscosity of the
fracturing fluid, the carbon number of the monomer unait that
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forms the polyalkylene oxide is preterably about 2 to 4,
more preferably about 2 to 3.

The alkylene oxide unit 1s preferably aliphatic alkylene
oxide unit with a carbon number 2 to 4, such as an ethylene
oxide unit, a propylene oxide unit or a butylene oxide unit,
more preferably an aliphatic alkylene oxide umit with a
carbon number of 2 to 3, such as an ethylene oxide unit or
a propvlene oxide umt. Examples of the propylene oxide
unit include a 1,2-propylene oxide unit and a 1,3-propylene
oxide unit. Examples of the butylene oxide unit include a
1,2-butylene oxide unit, a 2,3-butylene oxide unit and an
1sobutylene oxide unit. One of these alkylene oxide units
may be contained alone, or two or more of these alkylene
oxide units may be contained. The polyalkylene oxide may
be a block copolymer or random copolymer containing at
least one of these alkylene oxide units.

Specific examples of especially preferred polyalkylene
oxides include polyethylene oxides, polypropylene oxides,
polybutylene oxides, ethylene oxide-propylene oxide copo-
lymers, ethylene oxide-butylene oxide copolymers and pro-
pylene oxide-butylene oxide copolymers. These copolymers
may be either block copolymers or random copolymers. The
polyalkylene oxides may be used alone, or may be used in
combination of two or more thereof.

The polyalkylene oxide may he produced by a previously
known method, or a commercial product may be used as the
polyalkylene oxide. Examples of the commercial product of
the polyalkylene oxide include PEO-1 (viscosity of 5 mass
% aqueous solution: 50 to 200 mPa-s), PEO-3 (viscosity of
5> mass % aqueous solution: 2,500 to 5,500 mPa-s), PEO-8
(viscosity of 0.5 mass % aqueous solution: 20 to 70 mPa-s),
PEO-18 (viscosity of 0.5 mass % aqueous solution: 250 to
430 mPa-s and PEO-29 (viscosity of 0.5 mass % aqueous
solution: 800 to 1,000 mPa-s), each of which 1s manufac-
tured by Sumitomo Seika Chemicals Company, Limited.
“PEO” 1s a registered trademark possessed by Sumitomo
Seika Chemicals Company, Limited.

The viscosity reducing agent 1s not particularly limited as
long as 1t reduces the viscosity of the fracturing fluid, and
examples thereof include radical generators, acids and
enzymes. The viscosity reducing agents may be used alone,
or may be used in combination of two or more thereof. As
described above, the fracturing fluid contains water, a sup-
port material and a gelling agent, and the viscosity of the
water 1s 1ncreased by the gelling agent. The viscosity reduc-
ing agent has a function of reducing the viscosity of the
fracturing fluid by acting on the gelling agent etc. in the
fracturing tluid, and may be called a breaker.

The radical generator (which may be referred to as a
radical 1nitiator in the present description) to be used as a
viscosity reducing agent 1s not particularly limited, and one
that 1s known may be used. Specific examples thereof
include azo-based radical generators such as 2,2'-azobis(2,
4'-dimethylvaleronitrile) (ADVN); peroxides such as hydro-
gen peroxide, peroxydisuliuric acid salts and t-butyl hydrop-
croxide; and ammonium salts of monopersulfuric acid,
alkal1 metal salts of monopersulfuric acid, ammonmium salts
of dipersulfuric acid, alkali metal salts of dipersulfuric acid,
alkal1 metal salts or alkali earth metal salts of hypochlorous
acid and chlorinated 1socyanurates. In the case where, for
example, a hydrating polymer compound as described later
1s used as the gelling agent in the fracturing fluid, the
molecular weight of the hydrating polymer compound
decreases because the viscosity controlling agent contains a
radical generator, and thus the viscosity of the fracturing
fluid can he effectively reduced.
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The acid to be used as a viscosity reducing agent 1s not
particularly limited, and one that 1s known may be used.
Specific examples thereof include hydrochloric acid, sulfu-
ric acid and fumaric acid.

The enzyme to be used as a viscosity reducing agent 1s not
particularly limited, and one that 1s known may be used.
Specific examples thereof include a-amylase, p-amylase,
amyloglucosidase, oligoalucosidase, saccharase, maltase,
cellulose and hemicellulase. In the case where, for example,
a polysaccharide as described later 1s used as the gelling
agent 1n the fracturing fluid, the glycoside bond 1n the
polysaccharide 1s hydrolyzed because the viscosity control-
ling agent contains an enzyme, and thus the viscosity of the
fracturing flmd can be effectively reduced.

The viscosity controlling agent may contain other com-
ponents 1n addition to a polyalkylene oxide and a viscosity
reducing agent as long as the eflect of the present invention
1s not hindered.

The viscosity controlling agent according to the present
invention contains the above-mentioned polyalkylene oxide
and viscosity reducing agent, and 1s 1n the form of a tablet,
whereby a reduction 1n viscosity of the fracturing fluid can
be eflectively controlled. That 1s, in the fracturing fluid, the
tablet 1s slowly dissolved, so that the wviscosity of the
fracturing fluid 1s kept high during a predetermined period of
time, and aifter elapse of the predetermined period of time,
the viscosity reducing agent 1s dispersed in the fracturing
fluid, so that the wviscosity of the fracturing flmd can be
reduced. Specifically, when the viscosity controlling agent
according to the present mnvention 1s used in the fracturing
fluid during fracture operation in hydraulic fracturing, the
viscosity controlling agent according to the present inven-
tion 1s slowly dissolved in the fracturing fluid, so that the
viscosity of the fracturing fluid 1s kept high over a long
pertiod of time during fracture formation operation in
hydraulic fracturing. During fracturing fluid recovery opera-
tion after elapse of the predetermined period of time, the
polyalkylene oxide and the viscosity reducing agent in the
tablet are dissolved in the fracturing fluid, and the viscosity
reducing agent 1s dispersed to act on the gelling agent 1n the
fracturing flmid, so that the viscosity of the fracturing fluid
can be reduced.

The ratio of the polyalkylene oxide 1n the wviscosity
controlling agent according to the present invention can be
appropriately set according to a predetermined period of
time during which the viscosity of the fracturing fluid 1s
changed from a high viscosity to a low viscosity, and this
ratio 1s preferably about 30 to 99.99% by mass, more
preferably about 30 to 99.99% by mass, further preferably
about 70 to 99.9% by mass. As the ratio of the polyalkylene
oxide 1n the viscosity controlling agent increases, dispersion
(dissolution) of the viscosity reducing agent 1n the fracturing
fluid becomes slower, and therefore a period of time until the
viscosity 1s decreased to a viscosity suitable for recovery of
the fracturing fluid can be increased. On the other hand, as
the ratio of the polyalkylene oxide 1n the viscosity control-
ling agent decreases, dispersion (dissolution) of the viscosity
reducing agent in the fracturing fluid becomes faster, and
therefore a period of time until the viscosity 1s decreased to
a viscosity suitable for recovery of the fracturing fluid can be
reduced.

In the viscosity controlling agent according to the present
invention, the mass (size) of the tablet can be appropnately
set according to a predetermined period of time during
which the viscosity of the fracturing fluid 1s changed from a
high viscosity to a low viscosity, and the mass of the tablet
1s preferably 0.2 g or more, more preferably about 0.2 to 10
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g  further preterably about 0.5 to 2 g. As the mass of the
tablet increases, dispersion dissolution) of the wviscosity
reducing agent 1n the fracturing fluid becomes slower, and
therefore a period of time until the viscosity 1s decreased to
a viscosity suitable for recovery of the fracturing fluid can be
increased. On the other hand, as the mass of the tablet
decreases, a period of time until the viscosity 1s decreased to
a viscosity suitable for recovery of the fracturing fluid can be
reduced.

The use amount of the viscosity controlling agent accord-
ing to the present invention 1s not particularly limited, and
may be appropriately set according to the set viscosity of an
intended fracturing tluid during fracture formation operation
and recovery operation, and the use amount of the viscosity
controlling agent 1s, for example, about 0.01 to 1% by mass,
preferably about 0.1 to 0.5% by mass 1n the fracturing fluid.

In the viscosity controlling agent according to the present
invention, the arrangement of the polyalkylene oxide and the
viscosity reducing agent in the tablet 1s not particularly
limited, and examples thereof include a matrix type in which
the polyalkylene oxide and the viscosity reducing agent are
uniformly dispersed in the tablet, and a core-shell type in
which the viscosity reducing agent 1s situated at the central
part (core part) of the tablet and the polyalkylene oxide 1s
situated at the periphery (shell part) of the viscosity reducing
agent. In the case where the tablet 1s of core-shell type, a
period of time until the viscosity 1s decreased to a viscosity
suitable for recovery can be increased because dispersion
(dissolution) of the viscosity reducing agent in the fracturing
fluid 1s slower as compared to the matrix type.

The viscosity controlling agent according to the present
invention can be produced by mixing a polyalkylene oxide,
a viscosity reducing agent, and other components as neces-
sary, and molding the mixture into a tablet shape. That 1s, the
viscosity controlling agent can be produced by mixing a
polyalkylene oxide, a viscosity reducing agent, and other
components as necessary to form a composition, and mold-
ing the composition mto a tablet shape.

In the case of, for example, the matrix type, the viscosity
controlling agent according to the present invention can be
produced by uniformly mixing a powder of the polyalkylene
oxide with a powder of the viscosity reducing agent, and
molding the mixture into a tablet shape using a tableting
machine etc. In the case of the core-shell type, the viscosity
controlling agent can be produced by arranging a powder of
the viscosity reducing agent and a powder of the polyalky-
lene oxide 1n such a manner that the former 1s situated at the
central part and the latter 1s situated at the periphery thereof,
and performing molding using a tableting machine etc. The
tableting pressure can be appropnately set according to the
mass (size or the like of an intended tablet.

When the viscosity controlling agent according to the
present ivention 1s used in a fracturing fluid 1n hydraulic
fracturing, the fracturing fluid can be caused to retain a high
viscosity during fracture formation operation in hydraulic
fracturing and to have a reduced viscosity during fracturing
fluid recovery operation. Therefore, the viscosity controlling
agent can be suitably used as a viscosity controlling agent
that 1s used for controlling a change in viscosity of a
fracturing fluid to be used in hydraulic fracturing.
<Fracturing Fluid>

The fracturing fluid according to the present imvention
contains the above-mentioned viscosity controlling agent,
water a support material (proppant) and a gelling agent. The
fracturing fluid according to the present invention 1s a fluid
that 1s used in hydraulic fracturing and injected under
pressure mto a well. The water 1s not particularly limaited,
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and for example, ground water, river water, rain water,
industrial water, city water or the like can be used. The ratio
of water 1n the fracturing fluid 1s normally about 90 to 99%
by mass.

The support material 1s not particularly limited, and a
support material that 1s used in a known fracturing fluid can
be used. Examples of the support material include sand,
gravel, walnut shell, and minerals such as talc and bentonite.
The support materials may be used alone, or may be used 1n
combination of two or more thereof. The ratio of the support
material in the fracturing fluid 1s normally about 0.1 to 1%
by mass.

The gelling agent 1s not particularly limited, and a gelling
agent that 1s used 1 a known fracturing fluid can be used.
Specific examples of the gelling agent include hydrating
polymer compounds such as polysaccharides, polyacrylam-
ides, polyacrylamide copolymers and polyalkylene oxides.
The polysaccharide 1s not particularly limited, but 1t 1s
preferably guar gum, locust bean gum, carboxymethyl gum,
karaya gum, sodium carboxymethyl guar, hydroxyethyl
guar, hydroxypropyl guar, sodium hydroxymethyl cellulose,
sodium carboxymethyl hydroxyethyl cellulose, hydroxym-
cthyl cellulose, hydroxyethyl cellulose or the like. The
gelling agents may be used alone, or may be used 1n
combination of two or more thereol. The ratio of the gelling
agent 1n the fracturing fluid 1s normally about 0.1 to 1% by
mass.

The fracturing tluid according to the present invention
may further contain other additives that are contained in a
known fracturing fluid, such as a crosslinker and a surfac-
tant. Specific examples of the crosslinker include polyvalent
metal 1ons such as those of chromium (III), aluminum (I1I)
and titantum (IV), and polyvalent anions such as borates.

The fracturing fluid according to the present invention can
be easily produced by mixing water, a viscosity controlling
agent, a support material, a gelling agent, and other additives
as necessary. The fracturing fluid according to the present
invention contains the above-mentioned viscosity control-
ling agent, and thus can be suitably used as a fracturing tluid
to be used 1n hydraulic fracturing. Further, as described later,
the fracturing fluid according to the present invention can be
suitably used as a fracturing fluid to be injected under
pressure 1n a method for mining crude o1l or natural gas.

The wviscosity of the fracturing fluid according to the
present invention 1s not particularly limited, and may be the
same as that of a known fracturing fluid. The viscosity of the
fracturing fluid to be used 1n fracture formation operation 1is,
for example, about 500 to 2,000 mPa-s. The viscosity of the
fracturing fluid 1n recovery of the fracturing fluid 1s, for
example, 100 mPa-s or less. In the present invention, the
method for measuring the viscosity of the fracturing fluid 1s
as follows. The fracturing fluid 1s placed 1n a thermostatic
bath at 25° C. for 30 minutes or more, and the viscosity 1s
measured using a B-type rotational viscometer (rotation
number: 12 rpm, 3 minutes, 25° C.).
<Method for Mining Crude O1l or Natural Gas>

The method for mining crude o1l or natural gas according,
to the present invention includes the steps of: forming a
mining hole 1n a stratum; introducing the fracturing fluid
according to the present mvention into the mining hole to
form a fracture 1n a part of the stratum; and mining crude o1l
or natural gas from the mining hole. The steps of forming a
mining hole 1n a stratum; introducing the fracturing fluid
into the mining hole to form a fracture i a part of the
stratum; and recovering crude oil or natural gas from the
mining hole can be carried out in accordance with a known
mining method. In the method for miming crude o1l or




US 10,240,445 B2

9

natural gas according to the present invention, a fracturing
fluid containing the viscosity controlling agent according to
the present invention 1s used, and thus the fracturing fluid
can be caused to retain a high viscosity during fracture
formation operation and to have a reduced viscosity during
fracturing fluid recovery operation. Thus, 1n the method for
mimng crude oil or natural gas according to the present
invention, crude o1l or natural gas can be efliciently mined.

EXAMPLES

Hereinatiter, the present invention will be described in
detaill by showing examples and comparative examples.
However, the present invention 1s not limited to examples.

Example 1

First, 0.5 g of a polyethylene oxide (PEO-29 (trade name)
manufactured by Sumitomo Seika Chemicals Company,
Limited; viscosity in the form of a 0.5 mass % aqueous
solution: 825 mPa-s) and 0.0025 g of a radical generator
(radical 1mtiator) (ADVN: 2,2'-azobis(2,4'-dimethylvale-
ronitrile)) were dry-blended, added in a mortar with a
diameter of 10 mm, and tableted at a pressure of 5 kN to
obtain a tablet-shaped viscosity controlling agent (matrix
type). One tablet of the viscosity controlling agent was
added 1n a 0.5 mass % aqueous polyethylene oxide solution
obtained by dissolving 2.5 g of the polyethylene oxide in
497.5 g of water, so that a fracturing fluid was obtained. A
change 1n viscosity and viscosity retention rate in storage of
the obtained fracturing fluid at 40° C. for a certain period of
time (0 to 7 days) was examined. The results are shown in
Table 1 (measured values) and FIGS. 1 and 2 (graphs). The
amount of the radical generator (radical initiator) 1s 1000
ppm based on the amount of the polyethylene oxide 1n the
aqueous polyethylene oxide solution.
<Method for Measuring Viscosity>

In examples and comparative examples, the viscosity of
the polyethylene oxide used in the wviscosity controlling
agent was measured 1n the following manner. In 1-L beaker,
497.5 g of 1on-exchanged water was added, of a sample was
added therein while stirring was performed under the con-
dition of a tip circumierential speed of 1.0 m/s using a tlat
plate with a width of 80 mm and a length of 25 mm, and
stirring was continued for 3 hours to prepare an aqueous
solution. The obtained aqueous solution was placed in a
thermostatic bath at 25° C. for 30 minutes or more, and the
viscosity was measured using a B-type rotational viscometer
(rotation number: 12 rpm, 3 minutes, 25° C.).

The viscosity of the fracturing tluid obtained in each of
examples and comparative examples was measured 1n the
following manner. The fracturing fluid was placed 1n a
thermostatic bath at 25° C. for 30 minutes or more, and the
viscosity was measured using a B-type rotational viscometer
(rotation number: 12 rpm, 3 minutes, 25° C.).
<Method for Measuring Viscosity Retention Rate>

In examples and comparative examples, the viscosity
retention rate (viscosity decrease rate) was measured in the
following manner. The viscosity of the fracturing fluid
obtained 1n each of examples and comparative examples
(viscosity A) as defined as a viscosity at day 0. The viscosity
of the fracturing fluid after elapse of a predetermined period
of time after storage at 40° C. was measured in the same
manner as in the case of day O (viscosity B). The viscosity
retention rate was calculated from the following equation
using viscosity A and viscosity B.
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viscosity B/viscosity Ax100=viscosity retention rate
(o)

Example 2

Except that a radical generator (radical initiator) was
arranged at the central part (core part) of the tablet, and a
polyethylene oxide was arranged at the periphery (shell part)
of the radical generator (radical imitiator) to form a tablet
(core-shell type), the same procedure as 1n Example 1 was
carried out to obtain a viscosity controlling agent. Next, 1n
the same manner as 1n Example 1, a change 1n viscosity and
viscosity retention rate in storage of the fracturing fluid
obtained 1n Example 2 at 40° C. for a certain period of time
was examined. The results are shown in Table 1 and FIG. 1.

Example 3

Except that 0.5 g of a polyethylene oxide (PEO-18 (trade
name) manufactured by Sumitomo Seika Chemicals Com-
pany, Limited; viscosity 1in the form of a 0.5 mass % aqueous
solution: 250 mPa-s) was used 1n preparation of a viscosity
controlling agent, the same procedure as 1n Example 1 was
carried out to obtain a viscosity controlling agent. Next, 1n
the same manner as in Example 1, a change 1n viscosity and
viscosity retention rate in storage of the fracturing fluid
obtained 1n Example 3 at 40° C. for a certain period of time
was examined. The results are shown 1n Table 1 and FIG. 1.

Example 4

Except that a radical generator (radical initiator) was
arranged at the central part (core part) of the tablet, and a
polyethylene oxide was arranged at the periphery (shell part)
of the radical generator(radical nitiator) to form a tablet
(core-shell type), the same procedure as 1n Example 3 was
carried out to obtain a viscosity controlling agent. Next, 1n
the same manner as 1n Example 1, a change 1n viscosity and
viscosity retention rate in storage of the fracturing fluid
obtained 1n Example 4 at 40° C. for a certain period of time
was examined. The results are shown 1n Table 1 and FIG. 1.

Example 5

Except that the radical generator (radical initiator) was
changed from 0.0025 g of ADVN: 2,2'-azobis(2,4'-dimeth-
ylvaleronitrile) to 0.0025 g of ammonium persulfate in
preparation of a viscosity controlling agent, the same pro-
cedure as 1n Example 1 was carried out to obtain a viscosity
controlling agent. Next, in the same manner as in Example
1, a change 1n viscosity and viscosity retention rate 1n
storage of the fracturing fluid obtained 1n Example 5 at 40°
C. for a certain period of time was examined. The results are

shown 1n Table 1 and FIG. 2.

Comparative Example 1

In 497.5 g of water, 2.5 g of a polyethylene oxide
(PEO-29 (trade name) manufactured by Sumitomo Seika
Chemicals Company, Limited; viscosity in the form of a 0.5
mass % aqueous solution: 825 mPa-s) was dissolved to
obtain a 0.5 mass % aqueous polyethylene oxide solution as
a fracturing fluid, and a change 1n viscosity and viscosity
retention rate 1n storage of the fracturing fluid at 40° C. for
a certain period of time was examined. The results are shown

in Table 1 and FIGS. 1 and 2.
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Comparative Example 2

In 497.5 g of water, 2.5 g of a polyethylene oxide
(PEO-29 (trade name) manufactured by Sumitomo Seiko
Chemicals Company, Limited; viscosity 1n the form of a 0.5
mass % aqueous solution: 825 mPa-s) was dissolved to
obtain a 0.5 mass % aqueous polyethylene oxide solution,
and to this solution was added 0.0025 g of a radical
generator (radical initiator) (ADVN: 2,2'-azobis(2,4'-dim-
cthylvaleronitrile)) to obtain a fracturing fluid. A change 1n
viscosity and viscosity retention rate in storage of the
fracturing fluid at 40° C. for a certain period of time was
examined. The results are shown 1n Table 1 and FIGS. 1 and
2. The amount of the radical generator (radical imitiator) 1s
1000 ppm based on the amount of the polyethylene oxide 1n
the aqueous polyethylene oxide solution.

Comparative Example 3

In 497.5 g of water, 2.5 g of a polyethylene oxide
(PEO-29 (trade name) manufactured by Sumitomo Seiko
Chemicals Company, Limited; viscosity in the form of a 0.5
mass % aqueous solution: 825 mPa-s) was dissolved to
obtain a 0.5 mass % aqueous polyethylene oxide solution,
and to this solution was added 0.0025 g of ammonium
persuliate to obtain a fracturing fluid. A change 1n viscosity
and viscosity retention rate in storage of the fracturing flmd
at 40° C. for a certain period of time was examined. The
results are shown 1n Table 1 and FIG. 2. The amount of
ammonium persulfate 1s 1000 ppm based on the amount of
the polyethylene oxide i the aqueous polyethylene oxide
solution.

Comparative Example 4

First, 0.5 g of polyvinyl alcohol (KURARAY POVAL
PVA-403(trade name) manufactured by KURARAY CO.,
LTD.) and 0.0025 g of ammonium persulfate were dry-
blended, added 1n a mortar with a diameter of 10 mm, and
tableted at a pressure of 5 kN to obtain a tablet-shaped
viscosity controlling agent (matrix type). One tablet of the
viscosity controlling agent was added i a 0.5 mass %
aqueous polyethylene oxide solution obtain d by dissolving
2.5 g of the polyethylene oxide 1 497.5 g of water, so that
a fracturing fluid was obtained. A change 1n viscosity and
viscosity retention rate in storage of the obtained fracturing
fluid at 40° C., for a certain period of time (O to 7 days) was
examined. The results are shown 1n Table 1 and FIG. 2. The
amount of the radical generator (radical initiator) 1s 1000
ppm based on the amount of the polyethylene oxide in the
aqueous polyethylene oxide solution.

Example 6

First, 0.5 g of a polyethylene oxide (PEO-29 (trade name)
manufactured by Sumitomo Seika Chemicals Company,
Limited; viscosity in the form of a 0.5 mass % aqueous
solution: 825 mPa-s) and 0.0025 g of a radical generator
(radical 1mtiator) (ADVN: 2,2'-azobis(2,4'-dimethylvale-
ronitrile)) were dry-blended, added in a mortar with a
diameter of 10 mm, and tableted at a pressure of 5 kN to
obtain a tablet-shaped viscosity controlling agent (matrix
type). One tablet of the viscosity controlling agent was
added 1n a 0.5 mass % aqueous guar gum solution obtained
by dissolving 2.5 g of guar gum (manufactured by Wako
Pure Chemical Industries, Ltd.) in 497.5 g of water, so that
a fracturing fluid was obtained. A change 1n viscosity and
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viscosity retention rate in storage of the obtained fracturing
fluad at 40° C. for period of time (0 to 7 days) was examined.
The results are shown in Table 1 and FIG. 3. The amount of
the radical generator (radical initiator) 1s 1000 ppm based on
the amount of guar gum 1n the aqueous guar gum solution.

Example 7

Except that the radical generator (radical initiator) was
changed from 0.0025 g of ADVN: 2,2'-azobis(2,4'-dimeth-
ylvaleronitrile) to 0.0025 g of ammonium persulfate in
preparation of a viscosity controlling agent, the same pro-
cedure as in Example 6 was carried out to obtain a viscosity
controlling agent. Next, 1n the same manner as 1n Example
6, a change 1n viscosity and viscosity retention rate 1in
storage of the fracturing fluid obtained 1n Example 7 at 40°
C. for a certain period of time was examined. The results are
shown 1n Table 1 and FIG. 3. The amount of ammonium
persulfate 1s 1000 ppm based on the amount of guar gum 1n
the aqueous guar gum solution.

Example 8

Except that the amount of ammonium persulfate was
changed from 0.0025 g to 0.000625 g 1n preparation of a vise
s controlling agent, the same procedure as 1n Example 7 was
carried out to obtain a viscosity controlling agent. Next, 1n
the same manner as 1n Example 6, a change 1n viscosity and
viscosity retention rate in storage of the fracturing fluid
obtained 1n Example 8 at 40° C. for a certain period of time

was examined. The results are shown 1n Table 1 and FIGS.
3 and 4. The amount of ammonium persulfate 1s 250 ppm
based on the amount of guar gum 1n the aqueous guar gum
solution.

Example 9

In preparation of a viscosity controlling agent, 0.25 g of
a polyethylene oxide (PEO-29 (trade name) manufactured
by Sumitomo Seika Chemicals Company, Limited; viscosity
in the form of a 0.5 mass % aqueous solution: 825 mPa-s)
and 0.000625 g of ammonium persulifate were dry-blended,
added 1n a mortar with a diameter of 5 mm, and tableted at
a pressure of 5 kKN to obtamn a tablet-shaped viscosity
controlling agent (matrix type). Next, in the same manner as
in Example 6, a change 1n viscosity and viscosity retention
rate 1n storage of the fracturing fluid obtained 1n Example 9
at 40° C. for a certain period of time was examined. The
results are shown 1n Table 1 and FIG. 4. The amount of
ammonium persulfate 1s 250 ppm based on the amount of
guar gum 1n the aqueous guar gum solution.

Example 10

In preparation of a viscosity controlling agent, 1.0 g of a
polyethylene oxide (PEO-29 (trade name) manufactured by
Sumitomo Seika Chemicals Company, Limited; viscosity in
the form of a 0.5 mass % aqueous solution: 825 mPa-s) and
0.000625 g of ammonium persulfate were dry-blended,
added 1n a mortar with a diameter of 10 mm, and tableted at
a pressure of 5 kKN to obtamn a tablet-shaped viscosity
controlling agent (matrix type). Next, in the same manner as
in Example 6, a change 1n viscosity and viscosity retention
rate 1n storage of the fracturing fluid obtained 1n Example 10
at 40° C. for a certain period of time was examined. The
results are shown 1n Table 1 and FIG. 4. The amount of
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ammonium persulfate 1s 250 ppm based on the amount of
guar gum 1n the aqueous guar gum solution.

Example 11

In preparation of a viscosity controlling agent, 0.125 g of
a polyethylene oxide (PEO-29 (trade name) manufactured
by Sumitomo Seika Chemicals Company, Limited; viscosity
in the form of a 0.5 mass % aqueous solution: 825 mPa-s)
and 0.000625 g of ammomum persulifate were dry-blended,
added 1n a mortar with a diameter of 5 mm, and tableted at
a pressure of 5 kN to obtamn a tablet-shaped viscosity
controlling agent (matrix type). Next, in the same manner as
in Example 6, a change 1n viscosity and viscosity retention
rate 1n storage of the fracturing fluid obtained in Example 11
at 40° C. for a certain period of time was examined. The
results are shown in Table 1 and FIG. 4. The amount of
ammonium persulfate 1s 50 ppm based on the amount of
guar gum 1n the aqueous guar gum solution.

Comparative Example 5

In 497.5 g of water, 2.5 g of guar gum (manufactured by
Wako Pure Chemical Industries, Ltd.) was dissolved to
obtain a 0.5 mass % aqueous guar gum solution as a
fracturing fluid, and a change 1n viscosity and viscosity
retention rate in storage of the fracturing fluid at 40° C. for

a certain period of time was examined. The results are shown
in Table 2 and FIG. 3.

Comparative Example 6

In 497.5 g of water, 2.5 g of guar gum (manufactured by
Wako Pure Chemical Industries, Ltd.) was dissolved to
obtain a 0.5 mass % aqueous guar gum solution, and to this
solution was added 0.0025 g of a radical generator (radical
initiator) (ADVN: 2,2'-azobis(2,4'-dimethylvaleronitrile)) to
obtain a fracturing tluid. A change 1n viscosity and viscosity
retention rate 1n storage of the fracturing fluid at 40° C. for
a certain period of time was examined. The results are shown
in Table 2 and FIG. 3. The amount of the radical generator
(radical imitiator) 1s 1000 ppm based on the amount of guar
gum 1n the aqueous guar gum solution.

Comparative Example 7

In 497.5 g of water, 2.5 g of guar gum (manufactured by
Wako Pure Chemical Industries, Ltd.) was dissolved to
obtain a 0.5 mass % aqueous guar gum solution, and to this
solution was added 0.0025 g of ammonium persuliate to
obtain a fracturing fluid. A change 1n viscosity and viscosity
retention rate in storage of the fracturing fluid at 40° C. for
a certain period of time was examined. The results are shown
in Table 2 and FIG. 3. The amount of ammonium persulfate
1s 1000 ppm based on the amount of guar gum 1n the aqueous
guar gum solution.

Comparative Example 8

First, 0.5 g of polyvinyl alcohol (KURARAY POVAL
PVA-403 (trade name) manufactured by KURARAY CO.,
LTD.) and 0.0025 g of a radical generator (radical 1nitiator)
(ADVN: 2,2'-azobis(2.,4'-dimethylvaleronitrile)) were dry-
blended, added 1n a mortar with a diameter of 10 nun, and
tableted at a pressure of 5 kN to obtain a tablet-shaped
viscosity controlling agent (matrix type). One tablet of the
viscosity controlling agent was added i a 0.5 mass %
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aqueous guar gum solution obtained by dissolving 2.5 g of
guar gum (manufactured by Wako Pure Chemical Industries,
Ltd.) mn 497.5 g of water, so that a fracturing fluid was
obtained. A change 1n viscosity and viscosity retention rate
in storage of the obtained fracturing fluid at 40° C. for a
certain period of time (0 to 7 drag was examined. The results
are shown 1n Table 2 and FIG. 3. The amount of the radical
generator (radical initiator) 1s 1000 ppm based on the
amount of guar gum 1n the aqueous guar gum solution.

Comparative Example 9

First, 0.5 g of polyvinyl alcohol (KURARAY POVAL
PVA-403 (trade name) manufactured by KURARAY CO.,
LTD.) and 0.0025 g of ammonium persulfate were dry-
blended, added 1n a mortar with a diameter of 10 mm, and
tableted at a pressure of 5 kN to obtain a tablet-shaped
viscosity controlling agent (matrix type). One tablet of the
viscosity controlling agent was added i a 0.5 mass %
aqueous guar gum solution obtained by dissolving 2.5 g of
guar gum (manufactured by Wako Pure Chemical Industries.
Ltd.) mn 497.5 g of water, so that a fracturing fluid was
obtained. A change 1n viscosity and viscosity retention rate
in storage of the obtained fracturing fluid at 40° C. for a
certain period of time (0 to 7 days) was examined. The
results are shown in Table 2 and FIG. 3. The amount of
ammonium persulfate 1s 1000 ppm based on the amount of
guar gum 1n the aqueous guar gum solution.

Example 12

First, 0.5 g of a polyethylene oxide (PEO-29 (trade name)
manufactured by Sumitomo Seika Chemicals Company,
Limited; viscosity in the form of a 0.5 mass % aqueous
solution: 825 mPa-s) and 0.0025 g of a radical generator
(radical mitiator) (ADVN: 2,2'-azobis(2.4'-dimethylvale-
ronitrile)) were dry-blended, added in a mortar with a
diameter of 10 mm, and tableted at a pressure of 5 kN to
obtain a tablet-shaped viscosity controlling agent (matrix
type). One tablet of the viscosity controlling agent was
added 1n a guar gum gel obtained by dissolving 2.5 g of guar
gum (manufactured by Wako Pure Chemical Industries,
Ltd.) and 0.25 g of sodium tetraborate (anhydrous) (manu-
factured by Wako Pure Chemical Industries, Ltd.) in 497.5
g of water, so that a fracturing fluid was obtained. A change
in viscosity and viscosity retention rate in storage of the
obtained fracturing fluid at 40° C. for a certain period of time
(0 to 7 days) was examined. The results are shown 1n Table
2 and FIG. 5. The amount of the radical generator (radical
initiator) 1s 1000 ppm based on the amount of guar gum 1n
the guar gum gel.

Example 13

Except that the radical generator (radical initiator) was
changed from 0.0025 g of ADVN: 2,2'-azobis(2,4'-dimeth-
ylvaleromitrile) to 0.0025 g of ammonium persulfate in
preparation ol a viscosity controlling agent, the same pro-
cedure as 1n Example 12 was carried out to obtain a viscosity
controlling agent. Next, 1n the same manner as 1n Example
12, a change 1n viscosity and viscosity retention rate 1n
storage of the fracturing tluid obtained in Example 13 at 40°
C. for a certain period of time was examined. The results are
shown in Table 2 and FIG. 5. The amount of ammonium
persulfate 1s 1000 ppm based on the amount of guar gum in
the guar gum gel.
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Example 14

Except that the amount of ammonium persulfate was
changed from 0.0025 g to 0.000625 g in preparation of a

16

fracturing fluid at 40° C. for a certain period of time was
examined. The results are shown in Table 2 and FIG. 5.

Comparative Example 11

viscosity controlling agent, the same procedure as in >
e ;y 19 S dg t‘E b P ol In 497.5 g of water, 2.5 g of guar gum (manufactured by
ALLPIC ‘_WS Ccartied outto o a{n a viscosity controlling Wako Pure Chemical Industries, Ltd.) and 0.25 a of sodium
agent. Next, in the SAIC INALNEL a5 11 Exarflple 12, a change tetraborate (anhydrous) (manufactured by Wako Pure
in viscosity and viscosity retention rate in storage of the  Chemical Industries, Ltd.) were dissolved to obtain a 0.5
fracturing fluid obtained in Example 14 at 40° C. for a ., mass % guar gum gel, and to this gel was added 0.0025 g of
certain period of time was examined. The results are shown ammonium persulfate to obtain a fracturing fluid. A change
in Table 2 and FIG. 5. The amount of ammonium persulfate in viscosity and viscosity retention rate in storage of the
1s 250 ppm based on the amount of guar gum 1n the guar gum fracturing fluid at 40° C. for a certain period of time was
gel. examined. The results are shown 1n Table 2 and FIG. 5. The
amount of the radical generator (radical initiator) 1s 1000
Example 15 13 ppm based on the amount of guar gum 1n the guar gum gel.
Except that the amount of ammonium persulfate was Comparative Example 12
changed to 0.00025 g 1n preparation of a viscosity control-
ling agent, the same procedure as in Example 13 was carried First, 0.5 g of polyvinyl alcohol (KURARAY POVAL
out to obtain a viscosity controlling agent. Next, in the same °° PVA-403 (trade name) manufactured by KURARAY CO.,
manner as in Example 13, a change in viscosity and viscos- LTD.) and 0.0025 g of ammonium persulfate were dry-
ity retention rate 1n storage of the fracturing fluid obtained blended, added in a mortar with a diameter of 10 mm, and
in Example 17 at 40° C. for a certain period of time was tableted at a pressure of 5 kN to obtain a tablet-shaped
examined. The results are shown in Table 2 and FIG. 5. The  viscosity controlling agent (matrix type). One tablet of the
amount of ammonium persulfate is 100 ppm based on the > Vviscosity controlling agent was added to a 0.5 mass % guar
amount of guar gum in the guar gum gel. oum gel obtained by dissolving 2.5 g of guar gum (manu-
factured by Wako Pure Chemical Industries, Ltd.) and 0.25
Comparative Example 10 g of sodium tetraborate (anhydrous) (manufactured by Wako
Pure Chemical Industries, Ltd.) 1n 497.5 g of water, so that
In 497.5 g of water, 2.5 g of guar gum (manufactured by ° a fracturing fluid was obtained. A change in viscosity and
Wako Pure Chemical Industries, Ltd.) and 0.25 g of sodium viscosity retention rate in storage of the obtained fracturing
tetraborate (anhydrous) (manufactured by Wako Pure fluad at 40° C. for a certain period of time (O to 7 days) was
Chemical Industries, Ltd) were dissolved to obtain a 0.5 examined. The results are shown in Table 2 and FIG. 5. The
mass % guar gum gel as a fracturing fluid, and a change in amount of ammomum persulfate 1s 1000 ppm based on the
viscosity and viscosity retention rate in storage of the amount of guar gum 1n the guar gum gel.
TABLE 1
Viscosity in storage at
Composition of fracturing flud Concentration 40° C. (mPa - S)
Composition of components other Composition of viscosity of viscosity  Tablet shape Day
than viscosity controlling agent controlling agent reducing agent (0.5 g/¢p 10 mm) Day 0 Day 1l Day?2 3
Example 1  0.5% Aqueous polyethylene polyethylene oxide 1,000 ppm  Matrix 825 775 665 360
oxide solution (viscosity: 825 mPa - s) +
radical mitiator (ADVN)
Example 2 0.5% Aqueous polyethylene Polyethylene oxide 1,000 ppm  Core-shell 825 785 700 625
oxide solution (viscosity: 825 mPa - s) +
radical mitiator (ADVN)
Example 3 0.5% Aqueous polyethylene Polyethylene oxide 1,000 ppm  Matnix 825 700 450 135
oxide solution (viscosity: 250 mPa - s) +
radical mitiator (ADVN)
Example 4  0.5% Aqueoos polyethylene Polyethylene oxide 1,000 ppm  Core-shell 825 765 580 260
oxide solution (viscosity: 250 mPa - s) +
radical mitiator (ADVN)
Example 5  0.5% Aqueous polyethylene Polyethylene oxide 1,000 ppm  Matrix 785 690 340 100
oxide solution (viscosity: 825 mPa - s) +
ammonium persulfate
Comparative 0.5% Aqueous polyethylene None — — 825 785 735 700
Example 1  oxide solution
Comparative 0.5% Aqueous polyethylene Radical initiator (ADVN) 1,000 ppm  Directly added 825 285 835 35
Example 2 oxide solution alone
Comparative 0.5% Aqueous polyethylene Ammonium persulfate 1,000 ppm  Directly added 790 190 70 30
Example 3 oxide solution alone
Comparative 0.5% Aqueous polyethylene PVA + 1,000 ppm  Matrix 780 415 195 80
Example 4  oxide solution ammonium persulfate
Example 6  0.5% Aqueous guar gum solution  Polyethylene oxide 1,000 ppm  Matrix 460 460 445 835
(viscosity: 825 mPa - s) +
radical mitiator (ADVN)
Example 7  0.5% Aqueous guar gum solution  Polyethylene oxide 1,000 ppm  Matrix 520 415 83 0

(viscosity: 825 mPa - s) +
ammonium persulfate
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TABLE 1-continued
0.5% Aqueous guar gum solution Polyethylene oxide 250 ppm  Matrix 460 405 300 165
(viscosity: 825 mPa - s) +
ammonium persulfate
0.5% Aqueous guar gum solution Polyethylene oxide 250 ppm  Matrix 430 355 235 70
(viscosity: 825 mPa - s) + (0.25 g/¢p 5 mm)
ammonium persulfate
0.5% Aqueous guar gum solution Polyethylene oxide 250 ppm  Matrix 460 460 385 265
(viscosity: 825 mPa - ) + (1.0 g/ 5 mm)
ammonium persulfate
0.5% Aqueous guar gum solution  Polyethylene oxide 250 ppm  Matrix 435 2770 140 40
(viscosity: 825 mPa - s) + (0.125 g/ep 5 mm)
ammonium persulfate
Viscosity 1n storage at
40° C. (mPa - S) Viscosity retention rate (%)
Day4 Day> Day7 Day0O Dayl Day2 Day3 Day4 Day> Day?7
Example 1 175 85 70 100.0 93.9 80.6 43.6 21.2 10.3 8.5
Example 2 510 365 250 100.0 95.2 84.8 75.8 61.8 44.2 30.3
Example 3 55 35 25 100.0 84.8 54.5 16.4 6.7 4.2 3.0
Example 4 90 40 25 100.0 92.7 70.3 31.5 10.9 4.8 3.0
Example 5 40 15 0 100.0 87.9 43.3 12.7 5.1 1.9 0.0
Comparative 690 685 660 100.0 95.2 89.1 84.8 83.6 83.0 80.0
Example 1
Comparative 10 0 0 100.0 34.5 10.3 4.2 1.2 0.0 0.0
Example 2
Comparative 0 0 0 100.0 24.1 8.9 3.8 0.0 0.0 0.0
Example 3
Comparative 0 0 0 100.0 53.2 25.0 10.3 0.0 0.0 0.0
Example 4
Example 6 60 35 0 100.0 100.0 96.7 18.5 13.0 7.6 0.0
Example 7 0 0 0 100.0 79.8 16.3 0.0 0.0 0.0 0.0
Example 8 65 15 0 100.0 88.0 65.2 359 14.1 3.3 0.0
Example 9 25 0 0 100.0 82.6 54.7 16.3 5.8 0.0 0.0
Example 10 130 25 0 100.0 100.0 83.7 57.6 28.3 5.4 0.0
Example 11 0 0 0 100.0 62.1 32.2 9.2 0.0 0.0 0.0
TABLE 2
Concen-
tration
Composition of fracturing fluid of viscosity Viscosity in storage
Composition of components other Composition of viscosity reducing at 40° C. (mPa - §)
than viscosity controlling agent controlling agent agent Tablet Shape Day 0 Dayl Day2 Day3
0.5% Aqueous guar gum solution None — — 520 465 470 435
0.5% Aqueous guar gum solution  Radical mitiator (ADVN) 1,000 ppm Directly added 540 195 0 0
alone
0.5% Aqueous guar gum solution Ammonium persulfate 1,000 ppm Directly added 470 40 0 0
alone
0.5% Aqueous guar gum solution PVA + 1,000 ppm Matrix 570 230 55 0
Radical mitiator (ADVN) (0.5 g/¢p 10 mm)
0.5% Aqueous guar gum solution PVA + 1,000 ppm Matrix 565 150 40 0
ammonium persulfate (0.5 g/¢p 10 mm)
0.5% Aqueous guar gum solution + Polyethylene oxide 1,000 ppm Matrix 23,800 20,800 18,200 13,200
0.05% Sodium tetraborate (viscosity: 825 mPa - s) + (0.5 g/p 10 mm)
radical mitiator (ADVN)
0.5% Aqueous guar gum solution + Polyethylene oxide 1,000 ppm Matrix 25,600 30,600 11,600 2,660
0.05% Sodium tetraborate (viscosity: 825 mPa - s) + (0.5 g/p 10 mm)
ammonium persulfate
0.5% Aqueous guar gum solution + Polyethylene oxide 250 ppm  Matrix 25,300 24,000 21,700 18,200
0.05% Sodium tetraborate (viscosity: 825 mPa - s) + (0.5 g/p 10 mm)
ammonium persulfate
0.5% Aqueous guar gum solution + Polyethylene oxide 100 ppm Matrix 26,000 25,600 23,800 21,800
0.05% Sodium tetraborate (viscosity: 825 mPa - s) + (0.5 g/¢p 10 mm)
ammonium persulfate
0.5% Aqueous guar gum solution + None — — 26,800 26,800 26,800 23,700
0.05% Sodium tetraborate
0.5% Aqueous guar gum solution + Ammonium persulfate 1,000 ppm Directly added 24,800 740 0 0
0.05% Sodium tetraborate alone
0.5% Aqueous guar gum solution + PVA + 1,000 ppm Matrix 25,800 14,200 5,900 0

0.05% Sodium tetraborate

ammonium persulfate

(0.5 g/ep 10 mm)
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TABLE 2-continued

Viscosity in storage
at 40° C. (mPa - §)

Day 4  Day 5
Comparative 420 405
Example 5
Comparative 0 0
Example 6
Comparative 0 0
Example 7
Comparative 0 0
Example 8
Comparative 0 0
Example 9
Example 12 6,800 2,100
Example 13 700 0
Example 14 10,000 3,500
Example 15 15,500 5,380
Comparative 18400 13,000
Example 10
Comparative 0 0
Example 11
Comparative 0 0
Example 12

As shown in Table 1 and FIG. 1, in Example 1, the
viscosity was stable until day 1 with no significant difference
as compared to Comparative Example 1 where the viscosity
controlling agent was not used, but the viscosity started to
rapidly decrease at day 3, and the viscosity retention rate
decreased to about 10% at day 5. In Example the viscosity
was stable until day 2 with no sigmficant difference as
compared to Comparative Example 1, but the viscosity
started to decrease at day 3, and the viscosity retention rate
decreased to about 30% at day 7. In Example 3, the viscosity
was stable until day 1 with no sigmficant difference as
compared to Comparative Example 1. but the viscosity
started to rapidly decrease at day 2, and the wviscosity
retention rate decreased to about 7% at day 4, In Example 4,
the viscosity was stable until day 1 with no significant
difference as compared to Comparative Example 1, but the
viscosity started to rapidly decrease at day 2, and the
viscosity retention rate decreased to about 11% at day 4. In
Comparative Example 1, a high viscosity was retained with
the viscosity retention rate being about 80% even at day 7.
In Comparative Example 2, the viscosity retention rate
decreased to about 35% at day 1, and the viscosity retention
rate decreased to about 10% at day 2. From the results of
examples and comparative examples, 1t has become evident
that for the fracturing fluids of Examples 1 to 4 where a
viscosity controlling agent containing a polyethylene oxide
and a radical generator (radical initiator) was used, a high
viscosity was retained over a certain period of time, and after
clapse of the certain period of time, the viscosity was rapidly
decreased. On the other hand, 1t has become evident that for
the fracturing fluid of Comparative Example 1 where a
viscosity controlling agent was not used, the viscosity was
kept high, and for the fracturing flmmd of Comparative
Example 2 where no polyethylene oxide was used, the
viscosity early decreased.

From comparison between Example 1 and Example 2 in
FIG. 1, 1t 1s apparent that the viscosity can be controlled by
changing the arrangement of a radical generator (radical
initiator) 1n the tablet. From comparison between Example
1 and Example 3 and between Example 2 and Example 4, 1t
1s apparent that a change 1n viscosity of the fracturing flmd
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Viscosity retention rate (%)

Day7 Day 0O Dayl Day2 Day3 Day4 Day> Day?7/
350  100.0 89.4 90.4 83.7 80.% 77.9 67.3

0 100.0 36.1 0.0 0.0 0.0 0.0 0.0

0 100.0 8.5 0.0 0.0 0.0 0.0 0.0

0 100.0 40.4 9.6 0.0 0.0 0.0 0.0

0 100.0 20.5 7.1 0.0 0.0 0.0 0.0

0 100.0 87.4 76.5 55.5 28.6 8.8 0.0

0 100.0 80.5 45.3 10.4 2.7 0.0 0.0

65  100.0 94.9 85.%8 71.9 39.5 13.%8 0.3
800  100.0 98.5 91.5 83.%8 59.6 20.7 3.1
10,700  100.0 100.0 100.0 88.4 08.7 48.5 39.9
0 100.0 3.0 0.0 0.0 0.0 0.0 0.0

0 100.0 55.0 22.9 0.0 0.0 0.0 0.0
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can be controlled by adjusting the viscosity of the polyeth-
ylene oxide to be used 1n the viscosity controlling agent.

From the results of Example 5 shown in FIG. 2, 1t 1s
apparent that the viscosity can be controlled also 1n the case
where an ammonium salt of monopersulfuric acid 1s used as
a viscosity reducing agent.

It 1s apparent that 1n the case where a viscosity reducing
agent (radical generator) 1s not used as i Comparative
Example 1 in FIG. 1, a decrease 1n viscosity 1s gentle, so that
the fracturing fluid retains a high viscosity over a long period
of time. On the other hand, 1t 1s apparent that when a radical
generator or an ammonium salt of monopersulfuric acid as
a viscosity reducing agent 1s not formed mto a tablet, but
added directly to the fracturing flmmd as in Comparative
Examples 2 and 3 1n FIG. 2, the viscosity of the fracturing
fluid rapidly decreases.

It 1s apparent that as shown 1n FIG. 2, in Comparative
Example 4 where polyvinyl alcohol 1s used in the viscosity
controlling agent 1n place of the polyethylene oxide, the
viscosity of the fracturing fluid 1mmediately starts to
decrease, and thus 1t 1s 1mpossible to retain a high viscosity
for a certain period of time and decrease the viscosity after
a certain period of time as 1 Examples 1 to 3.

It 1s apparent that as shown in FIG. 3, the viscosity of the
fracturing fluid can be adjusted also in Examples 6 and 7
where, as a composition of the fracturing tluid, an aqueous
solution of guar gum (0.5%) as a polysaccharide 1s used 1n
place of a 0.5% aqueous polyethylene oxide solution. From
the results of Examples 7 and 8, 1t 1s also apparent that the
viscosity of the fracturing fluid can be adjusted by control-
ling the added amount of the viscosity reducing agent.

From the results of Examples 8 to 11 shown 1n FIG. 4, it
1s apparent that the viscosity of the fracturing tluid can be
adjusted by changing the mass (si1ze) of a tablet to be used
as the viscosity controlling agent.

It 1s apparent that as 1n Comparative Example 5 in FIG.
3, a decrease 1n viscosity 1s gentle when a viscosity reducing
agent (radical generator) 1s not used, so that the fracturing
fluid retains a high viscosity over a long period of time even
in the case where, as a composition of the fracturing tluid,
an aqueous solution of guar gum (0.5%) as a polysaccharide
1s used 1 place of a 0.5% aqueous polyethylene oxide
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solution. On the other hand, 1t 1s apparent that when a radical
generator or an ammonium salt of monopersulfuric acid 1s
not formed into a tablet, but added directly to the fracturing
fluid as 1n Comparative Examples 6 and 7 in FIG. 3, the
viscosity of the fracturing fluid rapidly decreases.

It 1s apparent that as in Comparative Examples 8 and 9 in
FIG. 3, the viscosity of the fracturing fluid immediately
starts to decrease when polyvinyl alcohol 1s used in the
viscosity controlling agent 1n place of the polyethylene
oxide, and thus 1t 1s impossible to retain a high viscosity for
a certain period of time and decrease the viscosity after a
certain period of time as 1n Examples 6 to 11 1n FIG. 3 or
FIG. 4 even 1n the case where, as a composition of the
fracturing fluid, an aqueous solution of guar gum (0.5%) as
a polysaccharide 1s used 1n place of a 0.5% aqueous poly-
cthylene oxide solution.

It 1s apparent that as shown 1n FIG. 5, the viscosity of the
fracturing fluid can be adjusted also 1n Example 12 where an
aqueous solution of sodium tetraborate (0.05%) and guar
gum (0.5%) 1s used as the fracturing fluid. From Examples
12 to 15, 1t 1s apparent that also 1n the case where an aqueous
solution of sodium tetraborate (0.05%) and guar gum (0.5%)
1s used as the fracturing fluid, the viscosity of the fracturing
fluid can be adjusted by adjusting the type of the viscosity
reducing agent, the concentration of the viscosity reducing,
agent, and so on.

It 1s apparent that as in Comparative Example 10 in FIG.
5, a decrease 1n viscosity 1s gentle when a viscosity reducing
agent (radical generator) 1s not used, so that the fracturing
fluid retains a high viscosity over a long period of time even
in the case where an aqueous solution of sodium tetraborate
(0.05%) and guar gum (0.5%) 1s used as the fracturing fluid.
On the other hand, 1t 1s apparent that when a radical
generator as a viscosity reducing agent 1s not formed into a
tablet, but added directly to the fracturing fluid as 1n Com-
parative Example 11 1n FIG. 5, the viscosity of the fracturing,
fluid rapidly decreases. It 1s apparent that 1n Comparative
Example 12 where polyvinyl alcohol 1s used in the viscosity
controlling agent in place of the polyethylene oxide, the
viscosity ol the fracturing fluild immediately starts to
decrease, and thus it 1s impossible to retain a high viscosity
for a certain period of time and decrease the viscosity after
a certain period of time as 1n Examples 12 to 13.

What 1s claimed 1s:

1. A viscosity controlling agent for controlling a change 1n
viscosity of a fracturing fluid to be used in hydraulic
fracturing,
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wherein the viscosity controlling agent 1s in tablet form,
wherein each tablet has a mass of 0.5 to 10 g, and
comprises a polyalkylene oxide and a viscosity reduc-
ing agent,

wherein the viscosity controlling agent 1s dissolved 1n the

fracturing fluid, and the polyalkylene oxide has a
viscosity of:

(a) 20 to 1,500 mPa_s 1in a form of a 0.5 mass % aqueous

solution at 25° C., or

(b) 50 to 80,000 mPa_s in a form of a 5 mass % aqueous

solution at 25° C.,
wherein a ratio of the polyalkylene oxide in the viscosity
controlling agent 1s 70 to 99.99% by mass relative to
the total amount of the viscosity controlling agent,
wherein the viscosity reducing agent 1s at least one
selected from the group consisting of a radical genera-
tor, an acid and an enzyme.

2. The viscosity controlling agent according to claim 1,
wherein the carbon number of a monomer unit that forms the
polyalkylene oxide 1s 1in a range from 2 to 4.

3. The viscosity controlling agent according to claim 1,
wherein the polyalkylene oxide contains at least one mono-
mer unit selected from the group consisting of an ethylene
oxide unit, a propylene oxide umt and a butylene oxide unait.

4. The viscosity controlling agent according to claim 1,
wherein the polyalkylene oxide 1s at least one selected from
the group consisting of a polyethylene oxide, a polypropyl-
ene oxide, a polybutylene oxide, an ethylene oxide-propyl-
ene oxide copolymer, an ethylene oxide-butylene oxide
copolymer and a propylene oxide-butylene oxide copoly-
mer.

5. A method for controlling a change 1n viscosity of a
fracturing fluid to be used in hydraulic fracturing, the
method comprising adding the viscosity controlling agent
according to claim 1 to the fracturing tluid.

6. A fracturing flud which 1s used 1n hydraulic fracturing,
the fracturing fluid comprising the viscosity controlling
agent according to claim 1, water, a support material and a
gelling agent,

wherein the viscosity controlling agent 1s dissolved 1n the

fracturing fluid.

7. A method for mining crude o1l or natural gas, the
method comprising:

forming a mining hole 1 a stratum;

introducing the fracturing fluid according to claim 6 1nto

the mining hole to form a fracture 1 a part of the
stratum; and

mining crude oil or natural gas from the mining hole.
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